The effect of LiCl on the delayed luminescence caused by the recombination of photoejected electrons with tryptophan cations in aqueous solutions was investigated at 77 K. The luminescence intensity strongly depended on LiCl concentration. At high LiCl concentrations, the intensity of the fast decay component of the recombination fluorescence decreased to a constant value, whereas that of the slow decay component inversely increased. The intensity of the recombination phosphorescence was weak and unchanged in low LiCl concentration range but increased steeply above 7 M LiCl. NO3, electron scavenger, quenched both the recombination fluorescence and phosphorescence, but the degree of the quenching decreased rapidly in the order of the fast decay component of the recombination fluorescence, the slow decay component of the recombination fluorescence, the recombination phosphorescence. Furthermore, the quenching efficiency of NO3 for each recombination luminescence was found to diminish with increasing LiCl concentration. The distribution of photo-ejected electrons to shallow-and deep-traps, dependent on LiCl concentration, was discussed from results obtained.
scavenger for shallow-trapped electrons, was also investigated in some detail.
Experimental
Tryptophan from Katayama Co. was purified by recrystallization from distilled water. LiCl and NaNOß were of special grade and used without further purification. Laboratory-distilled water was further distilled twice from alkaline KMn04 solutions. A quartz tube with a diameter of 5 mm was employed for the luminescence measurement. The tryptophan concentration was 3.0 • 10~3 M in all the sample solutions. Anaerobic solutions were prepared by the freeze-pump-thaw cycles. The quartz tube containing a sample solution of 1.5 ml was immersed in liquid nitrogen in a dewar at the rate of 1 cm/min. The sample solution was irradiated with the UV light after standing it in the dark at 77 K for 10 min.
To separate the recombination luminescence from the prompt (directly excited) one, two shutters (Copal No. 1 type) were employed. One was attached to a monochromator for excitation in a spectrofluorimeter (Hitachi type 203). The light source for excitation was a 300 W xenon lamp. The other was placed in front of a photomultiplier (HTV, R-649) for the signal detection. The opening and closing of the latter shutter were controlled by a detection system for the excitation light and a digital delay system. The detection system for the excitation light was composed of a photomultiplier (Toshiba, MS-9SY) and a high speed comparator (Fairchild, 710), and the delay circuit a one-shot multivibrator (Texas, 74121). Fluorescence signals from the photomultiplier were fed to a high speed amplifier (Teledyne-Filbric, 1027), and phosphorescence signals from the photomultiplier to the home-made photoncounter after amplified with a video-amp (Texas, 72733). The recombination fluorescence at the short period (<2.5 msec) after excitation was measured with a rotating-cylinder type of phosphorimeter as described in the previous paper [6] .
Results and Discussion
The spectrum of the recombination luminescence at 77 K consisted of a fluorescence band with a single peak at 315 nm and a phosphorescence band with peaks at 405, 435 and 456 nm. These peak positions were same to those for the prompt luminescence, respectively, although the intensity of the recombination luminescence was very weak.
The intensity ratio between the luminescences was re-excitation of the directly created triplet state [16] .
As for these points, further investigation is in progress and detailed discussion will be given in the succeeding paper, based on the experimental results obtained there.
